Abstract. The polycrystal samples of Gd 1-x Ca x CoO 3-δ with different content of Ca were synthesized by three different techniques: solution method, solid state reaction and a sol-gel method. A study of magnetic and electric properties have been made. It is shown that the magnetic properties of this compound are in a high degree close to the same of the parent GdCoO 3 with Co 3+ ions being in a low spin state below the room temperature. The conductivity investigation revealed its increase by alkaline-earth substitution typical in rare-earth cobaltites.
Introduction
The rare-earth cobaltites LnCoO 3 (Ln = La, Ce, Pr, Nd...) are attracting a great attention during a several decades due to their puzzle physics coming from spin, orbital, charge and structural degrees of freedom. The main problem of rare earth cobaltites is the instability of the Co 3+ ion spin state, which is very sensitive to the Co-O bond length. This length may be modified by hydrostatic or chemical pressure, the latter in turn caused by substitution with different ion radii.
As usual in all rare earth cobaltites except LaCoO 3 the spin state of Co 3+ ions up to room temperature is nonmagnetic [1] . This is the case for GdCoO 3 . The material is in paramagnetic state at 4.2 < T < 300 K, simply described by only Gd 3+ ions contribution [2] . Recently a detail investigation of substituted compounds Gd 1-x Ba x CoO 3-δ and Gd 1-x Sr x CoO 3-δ was carried out [3] [4] [5] [6] . It is shown that alkaline earth substitution in concentration range x ≤ 0.2 leads to the cascade of magnetic transitions: paramagnetic (PM)→ferromagnetic (FM)→antiferromagnetic (AFM) state by lowering the temperature. Also the substitution of Gd by Ba and Sr leads to hole conductivity growth. The second effect is not surprising, because inovalent substitution (divalent alkaline earth ion replaces trivalent rare earth ion) must lead to the p-type conductivity except the case of strongly localized holes. As for magnetic properties, there is the alternative: are the magnetic transitions taking place in the system of Co 3+ ions now being in high or intermediate spin state due to decreased chemical pressure or are they arisen from Co 4+ ions appeared in the compound according to the charge equilibrium condition. The first variant seems more preferable because of much more pronounced effect of Ba than Sr substitution [6] . It seems that alkaline earth ionic radii play a very important role in this case. In the present paper we use Ca 2+ ions with the smallest ionic radii comparing Ca 2+ , Sr 2+ and Ba 2+ for the substitution to prove this hypothesis (r Ca2+ =1.18, r Sr2+ =1.31, r Ba2+ =1.41 Å [7] ).
Experimental methods and X-ray diffraction characterization
The samples of Gd 1-x Ca x CoO 3 (x=0.00; 0.05; 0.10 and 0.20) were prepared by three different techniques: solution method, solid state reaction, and the sol-gel method. The contents of elements found from the fluorescence analysis gave close results. The samples were characterized by the Xray powder diffraction using a Rigaku DMAX 2000 diffractometer and a fixed graphite monochromator to select CuKα radiation.
Stepscanned patterns were measured between 18º and 120º in steps of 0.03º at room temperature. The crystal structures were refined by the Rietveld method using the Fullprof program. The unit cell parameters are presented in the Table 1 . According to the X-ray data the unit cell volume remains approximately the same under substitution. The magnetization measurements were performed in the PPMS Quantum Design magnetometer and SQUID-magnetometer. The resistivity was measured by the simple two-contact technique because of its high value.
Magnetic properties
The magnetic behavior of the samples appeared to be independent on the preparation technique. It was of paramagnetic character for all the samples in the temperature region 4.2<T<300 K with the magnetic susceptibility χ obeyed the Curie-Weiss law:
The values of the Curie constant C and Curie paramagnetic temperature θ are shown in 
It is not consistent with the assumption about high or intermediate spin Co 4+ appeared in the system under substitution according to charge equilibrium condition. It is clearly seen that Ca 2+ ions substitute Gd 3+ ions but hardly bring any considerable change to cobalt magnetic subsystem. Almost all cobalt ions seem to be in a low spin state up to the room temperature and playing no role in magnetism.
The paramagnetic Curie temperature values are small negative for all compounds pointing out the antiferromagnetic interactions in the magnetic system. Really, below liquid helium temperature χ(T) dependence is a peak-like (Fig. 1 ) that is typical of antiferromagnets and gives the Néel temperatures T N about 2-3 K. These values are derived from the temperature of maximum slope in the low temperature side of χ(T) curve and are shown in Table 2 . For x≠0 the maximum of χ(T) increases in height and its T N decreases. The T N (x) values may be fitted by linear dependence on Ca concentration. The Néel temperature decrease is followed by decreasing of |θvalue (Table 2 ) pointing out the weakening of AF interaction between Gd 3+ ions under substitution. This effect may be the consequence of diamagnetic dilution by calcium and the reduction of the nearest neighbouring magnetic gadolinium ions.
The magnetization field dependence at T=2.5 K seems to saturate higher 90 kOe (Fig. 2) . Here we have to apply the quantum approach and to define µ eff from the saturation magnetization, µ eff = gJ µ B (g = 2, J = S = 7/2 for Gd 3+ ion). These values are lower than that obtained from high-temperature paramagnetic susceptibility but are also in satisfactory agreement with the theoretical values for Gd 3+ ions.
Electric properties
Contrary to the magnetic properties the electric properties appeared to be strongly dependent on the preparation technique. Some common features of conductivity behavior are the following:
• it was of a p-type;
• it is of the semiconducting character (dρ/dT < 0 for all the samples);
• it drastically drops by an alkaline-earth substitution.
However the resistivity values and its detail temperature and concentration behavior were different for the samples with the same content of calcium but prepared by different methods.
Summary
In the investigated series of cobaltites Gd 1-x Ca x CoO 3 (x≤0.2) Ca substitutes Gd and does not modify the Co sublattice. All cobalt ions remain in the low spin state up to room temperature. It is known that in contrast the other alkaline earth (Ba, Sr) substitution leads to considerable change of GdCoO 3 magnetic properties. Apparently the small effect of Ca-doping is connected with small ionic radii of Ca 2+ . 
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The magnetic interactions in gadolinium subsystem are antiferromagnetic.
At low temperatures about 2-3 K the compounds undergo the transition to the AF state. Diamagnetic calcium dilution decreases both T N and paramagnetic Curie temperature absolute values.
The electric resistance for all the samples is of semiconducting character. It undergoes a drop under Ca doping as in the case of the other alkaline earth. According to magnetic data, we can not consider the holes, brought to the system by inovalent substitution as localized on the cobalt ions. The preparation technique is very sufficient to the electric conductivity behavior pointing out the important role of grain size and boundary conditions.
